ABSTRACT
INTRODUCTION
Bangladesh is rich in fish diversity which is now under threat due to over exploitation, habitat loss, ecological changes to fish habitat and some other divergent reasons thus 54 freshwater fish species has been categorized as threaten to extinction in Bangladeshi waters (IUCN Bangladesh 2000) . Conservation of threatened to extinction fish species is a vital topic in modern scientists' society (Hossain et al. 2013c ). However, proper understanding about the relative growths and condition factors of a species forms the base for the execution of appropriate management strategies for protecting the critically endangered fish like Labeo boga (IUCN Bangladesh 2000) .
The boga lebeo, Labeo boga (Hamilton 1822) belongs to the family Cyprinidae of the order Cypriniformes is a commercially important indigenous fish species of Bangladesh. The L. boga is widely distributed in the big rivers and their tributaries, above tidal influence, estuaries and ponds of Bangladesh, India, Myanmar, Nepal and Pakistan (Dahanukar 2010; IUCN Bangladesh 2000; Menon 1999) . L. boga feeds on rotten plant, algae and plankton (Rahman 2005) . The L. boga is highly priced fish preferred by the consumer of all classes. However, due to over exploitation, siltation, habitat loss and other ecological changes to its habitat, the natural population of L. boga in Bangladeshi waters is decreasing rapidly and is subsequently categorized as critically endangered (Dahanukar 2010; IUCN Bangladesh 2000) .
Length-weight relationships (LWRs), condition-and form factors of threatened fishes are the most important biological parameters for management and conservation of natural populations (Hossain et al. 2013a; 2013b; 2009a) . LWRs are effective in fishery assessments for predicting length distributions into weights for biomass estimates (Gerritsen & McGrath 2007; Hossain et al. 2009b ) and a cost-effective substitute to direct, fieldbased weight measurements that can be time-consuming (Koutrakis & Tsikliras 2003) . In addition, the LWR is useful in assessing the well-being of the individuals and in determining possible differences among different stocks of the same species (King 2007) . Furthermore, the condition factors of threatened fishes are the most important biological parameter which provide information on condition of fish species and the entire community and is of high significance for management and conservation of natural populations (Hossain et al. 2014; . However, no comprehensive study on these aspects of L. boga is available from the Padma River (except Hossain et al. 2014) . Therefore, the objectives of this study were to describe the length-frequency distribution (LFD); sex ratio (SR); length-weight relationships (LWRs), condition and form factors of L. boga in the lower part Ganges River, NW Bangladesh.
MATERIALS AND METHODS

STUDY SITE AND FISH SAMPLING
Sampling was conducted in the lower part of the Ganges (also known as Padma River in Bangladesh) River, northwestern Bangladesh. Samples of L. boga were collected during daytime on a seasonal basis from different fishermen catch landed at Jahaj ghat to Godagari, Rajshahi (Padma River: 24°46'N; 88°32'E) over a period of one year from April 2011 to March 2012. L. boga were caught by the traditional fishing gears including cast net (jhaki jal), square lift net (tar jal) and conical trap (dughair). Samples were immediately preserved with ice in the fish landing area and fixed with 5% formalin on arrival at the laboratory, Department of Fisheries, University of Rajshahi, Bangladesh. For each individual, total length (TL), standard length (SL) and fork length (FL) were measured to the nearest 0.01 cm using digital slide calipers (Mitutoyo, CD-15PS; Mitutoyo Corporation, Tokyo, Japan) and whole body weight (BW) was taken on a digital balance (Shimadzu, EB-430DW; Shimadzu Seisakusho, Tokyo, Japan) with 0.01 g accuracy.
LENGTH-WEIGHT RELATIONSHIPS
The LWR was determined according to the allometric equation W= aL b , where W and L are the BW (g) and TL (cm), respectively. Parameters a and b were estimated by linear regression analysis based on natural logarithms ln(W) = ln(a) + b ln(L). In addition, 95% confidence limits of b and the coefficient of determination r 2 were estimated. According to Froese (2006) , prior to the regression analysis of ln BW on ln TL, ln-ln plots of length and weight values were performed for visual inspection of outliers, with extremes being omitted from the regression analyses. To confirm whether or not b values obtained in the linear regressions were significantly varied from the isometric value (b = 3), a t-test was applied, t s = (b-3) / s b where t s is the t-test value, b is the slope and s b is the standard error of the slope (b) (Sokal & Rohlf 1987) .
CONDITION AND FORM FACTORS
The Fulton's condition factor (K F ) (Fulton 1904) was assessed using the formula
, where W and L are the BW (g) and TL (cm), respectively. The scaling factor of 100 was used to bring the K F close to unit. The relative condition factor (K R ) for each individual was estimated using the equation K R = W/a×L b (Le Cren 1951) , where W is the BW, L is the TL and a and b are the LWR parameters. Additionally, the allometric condition factor (K A ) was calculated using the equation of Tesch (1968) The form factor (a 3.0 ) of L. boga was calculated using the equation given by Froese (2006) as: (a 3.0 = 10 loga-S(b-3) ), where a and b are regression parameters of the length-weight relationships (LWRs) and S is the regression slope of log a vs. b. During this study, a mean slope S = -1.358 was used for estimating the form factor because information on LWRs is not available for this species for estimation of the regression (S) of ln a vs. b.
STATISTICAL ANALYSES
Statistical analyses were performed using Microsoft® Excel-add-in-DDXL and GraphPad Prism 5. Normality tests of each group were conducted by visual assessment of histograms and box plots and confirmed using the Kolmogorov-Smirnov test. The Mann-Whitney U test was used to compare the length-frequency distributions between the sexes. A Chi-square test was used to identify the sex-ratio divergence from the expected value of 1:1 (male: female). In the event the normality assumption was not met, the Mann Whiteny U-test was used to compare between two medians (TL, BW, K F , K A and K R between sexes). Additionally, the median relative weight (W R ) was compared with 100 according to Anderson and Neumann 1996 . The Spearman rank test was used to correlate body measurements (TL, BW) and condition factors (K F ). Moreover, the parameters a and b of the LWR between sexes were compared by the analysis of covariance (AncovA). All statistical analyses were considered significant at 5% (p<0.05).
RESULTS LENGTH-FREQUENCY DISTRIBUTIONS
A total of 211 specimens of L. boga were collected from the Padma River, northwestern Bangladesh during the study. Sample size, minimum and maximum lengths, minimum and maximum body weights, standard deviation (SD), 95% confidence limit (CL) for male, female and combined gender are presented in Table 1 and Figure 1 . The total length were ranged from 9.78 to 23.40 cm (mean ± SD = 13.25 ± 3.14) for males and 10.30 to 27.50 cm (mean ± SD = 17.11 ± 4.56) for females L. boga. The TL-frequency distribution showed that the males and females L. boga were not normality distributed (Kolmogorov-Smirnov test, p<0.001) in the Padma River during this study. So, the Mann-Whitney U-test showed significant differences in the TL-frequency distributions of L. boga (Two tailed, Mann Whitney U = 2587, p<0.001) between males (median = 11.70 cm, 25% Percentile = 11.30 cm, 75% Percentile = 14.80 cm) and females (median = 15.00 cm, 25% Percentile = 14.50 cm, 75% Percentile = 21.70 cm).
Furthermore, the BW of L. boga varied between 10.07 and 148.83 g (mean±SD = 28.61±29.00) in males and 10.00 and 276.10 g (mean±SD = 70.13±61.32) in females. Nonetheless, the BW-frequency distribution showed that the males and females L. boga were not normality distributed (Kolmogorov-Smirnov test, p<0.001) in the Padma River. So, the Mann-Whitney U-test showed that BW of females (median = 15.81 g, 25% Percentile = 14.42 g, 75% Percentile = 32.67 g) was significantly higher (Two tailed, Mann-Whitney U = 2328, p<0.001) than that for males (median = 35.46 g, 25% Percentile = 31.35 g, 75% Percentile = 123.20 g).
SEX RATIO
Out of the 211 specimens (male = 103; female = 108; male: female = 1: 1.05) of L. boga collected in the Ganges River during this study, 49% were males and 51% were females. However, the overall sex ratio did not differ significantly from the expected value of 1:1 (df = 1, χ 2 = 0.12, p<0.05). The TL dependent sex ratio of L. boga showed that males were dominant in the 9.00 to 12.99 TL groups, whereas females were dominant in the 13.00 to 27.99 TL groups (Table 2) . Table 3 and in Figure 2 . Moreover, plots of predicted body weight for respective observed length as calculated from the composite of length-weight regression (Rypel & Richter 2008) are shown in Figure 3 . The regression models showed that there were no significant differences between observation and prediction growth patterns in males and females of L. boga (ANCOVA, p>0.05).
FULTON'S CONDITION FACTOR (K F )
The K F ranged from 0.70 to 1.35 (mean ± SD = 1.02 ± 0.14) in males and 0.73 to 1.51 (mean ± SD = 1.11 ± 0.17) in females ( The K R for males and females L. boga varied between 0.69 and 1.33 (mean ± SD = 1.00 ± 0.14) and 0.67 and 1.44 (mean ± SD = 1.02 ± 0.16), respectively ( Table 4 ). The Mann-Whitney U-test showed that K R was not significantly difference (Two tailed, Mann-Whitney U = 4925, p=0.151) between males (median = 0.99, 25% Percentile = 0.92, 75% Percentile = 1.07) and females (median = 1.02, 25% Percentile = 0.94, 75% Percentile = 1.11).
ALLOMETRIC CONDITION FACTOR (K A )
The K A ranged from 0.0068 to 0.0132 (mean ± SD = 0.0099 ± 0.0014) for males and 0.0053 to 0.0115 (mean ± SD = 0.0082 ± 0.0013) for females (Table 4 ). The MannWhitney U-test showed that K A of males (median = 0.0098, 25% Percentile = 0.0091, 75% Percentile = 0.011) was significantly higher (Two tailed, Mann Whitney U = 1879, p<0.001) than that for females (median = 0.0082, 25% Percentile = 0.0075, 75% Percentile = 0.0089).
RELATIVE WEIGHT (W R )
The W R for male and female L. boga ranged from 69.07 to 133.37 (mean ± SD = 99.98 ± 13.69) and 66.79 to 144.19 (mean ± SD = 101.9 5± 16.07), respectively ( Form factor of male and female L. boga was calculated as 0.0102 and 0.0113, respectively (Table 3) .
DISCUSSION LENGTH-FREQUENCY DISTRIBUTION
This study recorded the minimum size of L. boga as 9.78 cm TL during the sampling period indicating either the absence of small sized fishes (< 9.78 cm TL) in the populations or selectivity of the fishing gears (Hossain et al. 2012c) . In contrast, the maximum size of L. boga found during present study within the Padma River ecosystem was 27.50 cm TL, which is less than the maximum reported value of 30 cm in Krishna River, Karnataka, India (Chandrashekhariah 2000) . Again, the maximum body weight of L. boga recorded in this study was 276.10 g which is much less than that recorded by Parvin et al. (2011) as 450 g in Rajshahi while studying the sex ratio and fecundity of this species. The reduction in the recorded maximum sizes of individuals of L. boga in the Padma River in this study might be attributed either to the absence of larger-sized individuals in the populations in fishing grounds (Hossain et al. 2012c ).
In addition, water temperature can be directly related to biological production rates and food availability along with nekton and plankton species composition, both of which influence fish growth. Furthermore, numerous types of fishing gear with various mesh sizes were used by the traditional fishers leading to the selectivity of target species which may greatly influence the size distribution of the individuals caught resulting in highly biased estimations of the various population parameters including the maximum size (Hossain et al. 2012d ).
SEX RATIO Avşar (1998) pointed out that in a typical population, female to male ratio will vary between 1:1 and 1:1.3. Though departure from a 1:1 sex ratio is not expected for most aquatic (fin-and shellfish) species, some finfish and prawn populations may show a strong bias in this ratio (Hossain et al. 2012c) . In the present study, the male and female sex ratio was 1:1.05. The overall sex ratio did not differ significantly from the expected value of 1:1. However, Parvin et al. (2011) reported the male to female sex ratio of L. boga as 1:2.27 in Rajshahi which is different from the findings of this study. Such differences could be from various causes, including thermal influences on sex determination (Conover & Kynard 1981) , selective mortality by sex through differential predation and divergent sexual behavior, growth rate, or longevity expectation (Schultz 1996) and variant climate and regional conditions (Avşar 1998) . Furthermore, size dependent sex ratio divergence is also evident in the result which may be due to different growth between sexes .
In this study, the b values for male, female and combined gender L. boga were found as 3.008, 3.114 and 3.133, respectively indicating isometric growth of L. boga in the Padma River i.e., the body increases in all dimensions in the same proportion to growth (Jobling 2008) . However, Pervin and Mortuza (2008) estimated the b values of male, female and combined gender L. boga as 2.975, 3.289 and 3.108, respectively, though they did not specified any definite habitat. It is widely recognized that a number of factors are known to influence the length-weight relationship in fish, including growth phase, sex, seasons, food (quantity, quality and size), stage of maturity and health and general fish condition, preservation techniques and differences in the observed length ranges of the specimen caught (Hossain et al. 2006 Ricker 1973; Tesch 1971) , all of which were not accounted in the present study. Furthermore, the regression models show that there were no significant differences between observation and prediction growth patterns in L. boga from the Padma River, NW Bangladesh. Since the sample of L. boga were collected over an extended period of time, this data did not represent any particular season, so it should be treated only as mean-annual values for comparative purposes (Hossain et al. 2012f ).
CONDITION FACTORS
Condition factor is an index reflecting interactions between biotic and abiotic factors in the physiological condition of the fishes that show the well-being of the population during various life cycle stages (Angelescu et al. 1958) . In order to evaluate the general health and productivity of L. boga, several condition factors including Fulton's, relative, allometric and relative weights were calculated during this study. The results showed that the Fulton's condition factor was significantly higher in females than in males though the relative condition factor showed no significant differences between sexes. However, no references dealing with the condition factors of the L. boga are available in the Padma River, preventing the comparison with previous results from the same population.
Furthermore, the relative weight showed no significant differences from 100 for males and females L. boga in this study showing the prevalence of good condition in the habitat for this fish. However, L. boga is categorized as critically endangered in Bangladeshi waters by IUCN Bangladesh (2000) which might be due to various causes other than water quality ). Nonetheless, this information would assist for urgent detection of any long-term deterioration in condition that may have occurred. However, there is no reference dealing with the relative weight of L. boga available in literature restraining the comparison of this findings with previous results and will form the basis for further such studies. Only a few studies on form factor of fish are available in Bangladeshi waters (Hossain et al. 2014 (Hossain et al. , 2013a Rahman et al. 2012b ). According to the ranges given by Froese (2006) , the values of form factor of L. boga found in this study closely matches to the range given for fusiform fishes. However, due to the overlap of ranges, it is not conclusive to assign body shape based only on the form factor (Froese 2006) . Nonetheless, there is no reference available concerning the form factor of this species in the world so this is the first such study on this regard for L. boga which will be helpful for future studies.
CONCLUSION
The results of this study would certainly be an effective tool for fishery biologists, managers and conservationists to initiate early management strategies and regulations for the sustainable conservation of the remaining stocks of this species in the Padma River and surrounding ecosystems. Also, this study would be useful for further studies on the population assessment of the species in Bangladeshi waters and neighboring countries.
